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ABSTRACT. Tho dielectric loss due to aVjsorption of microwaves of frequency 3S.8 
KMc/s in dilute solutions of anisoles and s<ime substituted anisoles in a number of non-polar 
solvents a t different temperatures (T) have been investigated. I t has been found that under 
the assumption of a single relaxation time (t) the plots of log (tT) against 1 jT for the solutions 
of o-ohloro- o-bromo-, o-nitro- and p-chloroamsolos in parafRn, //-hexane, 00)4 and benzene, 
are linear while in the case of anisolc solutions, such plots are .s-shaped curves, showing thereby 
existence of more than one relaxation time. The obstTvc'd results in this case have been 
analysed under the assumption of two relaxation times and T2 the former due to rotation 
of the molecule os a whole and the lattter due to rotation of the inethoxy group. Thi  ^analysis 
shows tha t the percentage contribution to the overall loss due to the rotation of tho mothoxy 
group is about 10% in paraffin solution and about 30% in hexane solution. This percentage 
IS still higher in benzene and CCI4 solutions. The value of in paraffin and hexane solutions 
at about 276°K is about 4 X 10~^ * sec with a potential harrier of 4.3K.(-al/molo. This value of 
T2 in benzene and CCI4 occurring at about 295"K seems to be consistent with experimental 
results. The values of duo to rotation of the molecule as a whole in the case of anisolo in all 
these cases are compatible with those observed for rigid dipolar molecules ()f similar size unde? 
similar ciroumstanoes.
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I N T R O D U C T I O N
The phenomenon of dielectric relaxation of polar molecules in the liquid 
state and in solutions in non-polar solvents has been extensively studied both 
theoretically and experimentally. The agi'cement between the two has been 
found to be fairly satisfactory in the case of polar molecules with rigid dipoles 
but in the case of molecules with polar groups, having the possibility of rota­
tional motions the agreement is not satisfactory.
Prom considerations of rotational Brownian motion of the different polar 
groups attached to the polar molecule, Budo (1938), following Debye, showed that 
in general a number of different relaxation times characteristic of the different 
polar groups and of the whole molecule are to be expected, in contrast to a single 
relaxation time observed in the case of rigid dipolar molecules. He also showed 
that the relative contributions by various polar groups to the overall dielectric 
loss will be proportional to the square of the ratios of the partial moments of the
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respective groups to the moment of the whole molecule. Many workers have 
experimentally investigated the dielectric loss of such molecules but their experi­
mental findings differ widely amongst each other. As, for example, in the case 
of solution of methoxy benzene in benzene at 20®C, the time of relaxation of the 
OCHg group have been reported as varying from 7x10"^^ sec to 0.8x 10'"^ **sec., 
while the percentage contribution to the overall loss due to the methoxy group 
varies from 80% to about 20% (Hase, 1953; Fisher, 1954; Klages, 1954; Orubb 
et al, 1961; Klages et al, 1961; Forest et al, 1964).
Because of this wide divergence in the rt^sults reported by various workers, 
an investigation of the dielectric behaviour of anisoltJ and some substituted anisoles 
dissolved in some non-polar solvents a t different temperatures was undertaken. 
An analysis of the results of the investigation has been presented in this paper.
E X P E R I M E N T A L
Anisole, o-chloro-, o-bromo-, o-nitro- and parachloro anisoles studied in the 
present investigation were of chemically pure quality. These vere fractionated 
and the proper fractions were distilled under reduced pressure and dried before 
being used in the investigations. The solvents carbon tetrachloride, benzene, 
7?,-hcxane and medicinal paratFm w('re dried by usual method. The drit'd solvents 
showed slight losses in the 38.8 Kmc/s frequency region, which were properly 
taken into account in determining the overall losses due to the various solutions. 
The experimental arrangf^raent and method of calculation of loss tangent (tan 
were the same as described earlier (Bhattacherjee et al, 1964).
T H E O R Y  O F  T H E  M E T H O D
Following Budo (1938), the average dipole moment of anisole or the para 
substituted anisole in a high frequency electric field of angular frequency co is 
given by
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(/^ )a =  /\  l+j0)Tx ] U T (1)
where is the dipole moment along the C-0 bond, the axis of rotation of the 
methoxy group and Tj is the relaxation time for the orientation of the whole mole­
cule, /^ 2 is moment component perpendicular to the axis of rotation and Tg 
is the relaxation time associated with it. I f  the moment /ig of the methoxy 
group is inclined a t an angle e to the axis of rotation then fi^ =  Hg sin e and /q 
is composed of the moments fig cos e, fig* the moment of the atom in the para 
position and some contribution from the mesomeric structures (Grubb et ah 
1961). This will be the average moment if in all the molecules the methoxy 
group is free to rotate. However, if only the fraction t is capable of rotation
(Fischer, 1964; Klages et al, 1961) the fraction ( l -O  will relax in the field as rigid 
molecules and the average moment will be modified as
(/*')«. -  ( -1 , / y  ] \I l+JOiT^ \ 1-fjOjTj ) j 3^ 2Tj
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I l+,ywr /^V) ,4. Wl+jwTa J U T ... (2)
Remembering that the observed d^ole moment fi is given by //,* =  ®
equation (2) gives
4-H - ju T j 1 +j<"Ta /  ■ 3>T
-i \ ... (3)1 hjtOT, l+j<i)T  ^ / :ikT
M^’sT n— - o > ^^ 2fi? =  and C i+ C ,  == 1 //- ... (3a)where
Combining this expression with Debye expression for tan in the case of very 
dilute solutions in non-polar solvents, we obtain
tan 5 -  4. ^ 2"*7-2 \^ e' ■ 27kT \ 1 + « )V  ^  l+'oT’aV (4)
e' is dielectric constant of the solution'at tli<' freqmmcy of the applied field and all 
other constants having their usual signific*aiie(‘. When the concentration c is 
small e '—> Cq the static dielectric constant of the solvent. Eqn. (4) then gives
T  tan S l i n N ( gq+2)^ _
~ 7 “  l ~ m  ““  ^ 1 +  coV  1 +  ^ ^^
with caTj =  and cor, =  x,
+C?2 =  C M + C J (x ^ )
(5)
m  =  C, 1 + V 1 + V
... (6)
where /(*) = X1+x^
R E S U L T S
The experimental values of tan S at different temperature {T) for the different 
solutions of anisole are given in table 1 . In  the case of solutions of anisolc in
hexane, benzene and carbon tetrachloride when the curves vs T  showed
maxima, the dipole moments were calculated as usual (Sinha et al, 1966) under 
the assumption of single relaxation time. In all the other cases the values of dipole 
moments reported in literatures v^ere used for the evaluation of t values 
which are included in the tables. Table 1 also includes the values of |  {T) 
calculated from ithe eqn. (6) in which the observed value of 1.25D was used for 
//, the dipole moment of anisole.
D I S C U S S I O N
(a) Existence of two relaxation times :
With the help of the r-values calculated under the assumption of a singlr 
relaxation time, graphs of log (rT) against IJT have been drawn for anisole and 
substituted anisoles. These graphs are shown in figures (1-5). is seen that tlu‘ 
graphs arc almost straight lines in the ease of all the substituted anisoles, and similai' 
to those observed in the case of molecules with rigid dipole moments (Sinha et al, 
1965; 1966). But in the case of solutions of anisole in paraffin, hexane, benzerK* 
and CCI4 (figs. 5a-5d) the graphs are 5-shaped curves. This non-linearity 
shows that the results are not explicable under the assumption of a single relaxa­
tion time for anisole.
From table I it is seen that the values of ^ {T) in the case of solutions in hexane, 
benzene and CCI4 at first increase with increase of temperature, then attain a
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Fig. 1. Plots of log (TiT)vB 1/T for solutions of o-nitro-anisole in different solvents. 
pico-secs) I-n-hexane, II-Benzene, Ill-Carbontetraohloride IV-Paraffin.
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Fig. 2. Plots of log(r.T) vs 1/T for solutions of 7?-chloro-anisoio in difforent solvents, (r-in 
pico-secs). I-n-hexane, II-Benzono, Il-Carbon totrachloride, IV-Paruffin.
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Fig. 3. Plots of log (tT) vs 1/T for solutions of o-chloro-anisole in dilforent solvents, (rdn 
pico-secs). I-n-hexano, II-Benzeno, III-Carbontotrachlorido,i IV-Paraftin.
1/Tx 10»-4
Fig. 4. Plots of log(rr) vs 1 jT  for solutions of o-bromoanisole in different solvents. ( '^ 
in pico-secs). 1-n-hexane, II-Benzene, lll-Carbontetrachloride, IV-Paraffln.
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Fig. 5* Plots of log (tT) vs IjT  for solutions of anisole in different solvents, (t in pico-secs). 
(a) Benzene, (b) Carbontetrachlorjdo
I* 3.3
tco
3.1
1/TX1Q3
Fig. .'ic. Curve T plot of log(r!T) vs IjT  for solution of ariisole in bexane
Curve II. „ log(TiT) vs l / P  ” (r and r^, in pico-socs)
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maximum value and finally gradually decrease. The rate of increase of  ^ [T) 
in benzene and CCI4 solutions is higher than in hexane solution, the rate of decrease 
being almost the same, in all solutions. In the case of paraffin solutionKT) 
increases monotonously with increase of temperature. All these are shown in 
fig. 6.
From equation (6) we have
_ _dT =  c, ~ d r  dT ... (7)
With a?! y -e x p  ja n d x j j (^i> -^ 2 constants, Fj
and Fg the activation energies per mole for dielectric relaxation of the whole 
molecule and the mothoxy group respectively), eqn. (7) becomes
dT  y \  ^ T B / ( x , i + l ) ^  T  \ f  R  l { \ + x i f  ^
At the temperature where | ( 5T) is maximum =  0 if the condition x, =  1ai *
and a?2 =  1 holds simultaneously.
In that case ^(T)mam =  =  0.6
Actually the maximum value of ^(T) in the case of these solutions (fig. 6) 
are all less than 0.5 which indicates the presence of more than one relaxation 
time.
b) lAmits for and Tg.
Since the condition =  aig =  1 is not satisfied a t the temperature when 
((T) is maximum it is seen from eqn, (7a) that a t this temperature may be
zero for suitable values of >  1 and x, <  1 or vice versa. We have assumed 
-  the relaxation time for the whole molecule to be greater than t* the rclaxa-
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Fig. 6. Plots of 5(^) vs T  for solutions of anisolo in differont solvents.
I-n-hexane, II-Benzene, IIT-Carbontetraohlorido (left-hand side ordinate values) 
IV-Paraflin (Righthond side ordinate values)
For curves I, I I  and I I I  the appropriate ranges for 5(T) are shown by the broken intervals.
lion time for methoxy group and since coTj and X2 =  coTg, > x .^
Ti >  4 .1x l0“ 2^ gee and>  X2 meansWith o  =  2.44x 10^  ^ rad/sec x- 
Tg <  4.1 X g0Q
c) Determination of the values of and Tg.
For the determination of the values of Tj and the analysis of the experi­
mental data of the solutions of anisole has been made on the following considera­
tions :
i) In  the same solvent and at the same temperature the value of Tj of 
anisole is very nearly the same as that of a rigid molecule of similar size.
ii) The value of Xg (of the racthoxy group) is less than 4x  10” ®^sec. for tem­
peratures 296°K and above and becomes equal to 4 x l0 “^^ scc. at temperatures 
in between 275^K and 296^K.
Using the value of ^{T) for hexane solution from table I  along with eqn, 
(6) the following relations are obtained :
f(276) -  CJ{x,)+C2f(Xo) -  0.404
1(296) =  CJ{x^^)+CJ(x2) =  0.414
Ui+Ug =  1
(8)
For bromobenzene, a molecule having the same size as anisole the values of 
the relaxation time in hexane solution at temperatures 276°K and 296°K are 
respectively about OxlQ-^^ and 7 x  10""^  ^secs. (Sinha et al, 1966). The corres­
ponding values off{Xx) are about 0.37 and 0.42. Assuming that these values also 
hold for anisole and that the value of Tg at 276°K is '--4x lO"*^  ^sec i.e./(a;2) 0.6
the insertion of these values in the first expression of equation (8)^ivcs .37C'i+-6C2 
=  .403 whence Cj^O.7 and Cq'^O.S. Using these values of and Ug in the 
second relation of equation (8) the value of f(x^2) 296°K comes out to be 0.4
approximately i.e. T2^ 2 x lO-^^^ec. In this way the values of and Tg at all 
temperatures have been determined approximately. Afterwards, the values of 
Uj, Tj and have been slightly adjusted so that the calculated ^(T) values are 
in satisfactory agreioment with the experimental values of (^7 )^ a t the corres­
ponding temperatures and the plots of log(riT) vs 1 jT  and log (TqT) vs 1 jT  yield 
good straight line graphs. The Tj- and r^-values are given in table II  and the 
graphs are shown in figs 5(c) and 5(e). The hindering potential energies Fj and 
Fg calculated from the graphs in the usual way are given at the foot of the Table. 
Once the valuess of Tg at different temperatures have been determined, the cal­
culation of Tj-values in paraffin solution become much simplified. The final 
values of calculated with =  0.9 and Ug =  0.1 are given in table I I I  and the 
graph oflog {t^T) vs 1/T is shown in fig. 5(d). The value of the potential barrier 
Fj obtained from the graph is given along with the Table.
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Solution Cl t%
Hexane 0.3 38.7
Paraffin 0.1 12.9
In tables II  and II I  the values of the time of relaxation of bromobenzene at 
different temperatures in hexane and paraffiin solutions respectively have been 
included for comparison. I t  is seen that in each case the Ti-values of anisole arc 
comparable with those of bromobenzene, a molecule having the same size as that 
of anisole.
Now an estimate of the percentage of molecules capable of relaxation by the 
processes of rotation of the molecule as a whole of the methoxy group is made by 
using the relation Putting /^  =  1.25D and /^ 2 =  I.IOD (Base,
1953; Fisher, 1954) the following values of t are obtained :
The small value of Cg =  0.1 in paraffin solution indicates that in this case 
most of the anisole molecules relax by the process of the rigid rotation of the whole 
molecule and consequently, the plot of log {r.T) vs IJT (obtained by using the 
r-values calculated under the assumption of a single relaxation time) shows only 
small departure from linearity fig 5b,
TABLE II 
Anisole in hexane
Cl =  0.7 Ca =  0.3
b ie le c tr ic  A b so rp tio n  an d  In tern al R ota tion 735
Temperature Tg X 10^^  so(; T iX l0‘“ so« TXlO'^seo
Tlromobonzoiit
276 4.00 9.80 8-50
286 2.99 8.94 7.60
296 2.16 8.04 0.90
306 1 .68 7.42 0.25
316 1.31 0.85 5.45
326 1.03 6.27
336 0.82 5.82
’^a =  4.33K.Ca1/Molo. Fi =  1.00K.C!ttl/M<.lc
TABLE III 
Anisole in Paraffin
Cl -  0.9 C, =  0.1
Temperature Ti X 10'® see T  X 10’® KOC Bromobeiizone
297 20.1 19.96
307 17.8 17.14
317 35.2 15.09
329 13.3 13.33
337 12.1 11.79
347 10 5 10.67
355 9.6
Vi =  2.2K.Cal/Mole
In the case of hexane solution — 0.3 and the plot of logfrT) vs IjT  (fig. 
5c) shows greater deviation from linearity. Such dcwialion.s are hIiH more pro­
nounced ill the case of solutions in benzene and in CCI4 and may therefore indicate 
greater values of C2 in the two cases.
Analysis of the data (in terms of the Tg-values so determined) in the case of 
solutions in benzene and CCl* has not been very successful. However, it may be 
noted that the maximum value of /(**) == 0.5 in the case of benzene an 4 
solutions should occur at temperatures well beyond the temperatures at which 
m  is maximum in the respective cases i.e. between 275°K and 305“K. If we 
assume that in the case of solution in benzene /(^ Tg) is max. at about ,
value of Tj a t this temperature will be 4 X lO'^^sec. which agrees well with the va ues 
of 4.4xl0-i*sec. in benzene solution at 25“C (Fisher, 1954) and 4.6x10* sec. 
reported by Hase (1963) at 25'‘C in other solvents. Further experiments are eing
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conducted to obtain complete information about the relaxation time of the 
methoxy group in anisole in different environments.
d) Substitvied anisoks
I t  can be seen from figs. 1-4 that the graphs of log {t.T) vs IjT in the case 
of the solutions of o-chloro-, o-bromo-, o-nitro- and p-chloroanisoles in all the 
solvents are all straight lines similar to those observed in the case of molecules 
with rigid dipoles and having a single relaxation time (Sinha d al, 1966). It, 
therefore, suggests that the moleeules of these substituted anisolcs relax predomi­
nantly by the process of rotation of the molecule as a whole. Considerations of 
the expected values of for these compounds also lend support to this idea. For, 
if the value of t for the different compounds in less viscous solvents is taken to bo 
40% then from the relation C’j =  t. it is seen that as the value of /t of the
substituted anisoles varies from 2.5D for the halo substituted anisoles to 4.8D 
for ortho nitroanisole, the values of come out to be about 0.1 for the former 
compounds and .025 in the latter compound. I t  may, therefore, be concluded 
that, the contributions to the dielectric loss in these cases are mainly due to the 
rotation of the molecule as a whole.
I t  may be noted here that in the case of solution of p-chloroanisole in Nujol 
Grubb and Smyth (1961) reported very high values of Tj for the rotation of the 
molecule as a whole. The Tj-values arc very large compared with those for mole- 
cules of similar sizes and may have resulted from an attem pt to interpret the ob­
served results in terms of two relaxation times.
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